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(54) Slotless stator winding and method for manufacturing such winding 



(57) To provide a stator winding which copes with 
high output and miniaturization, then with a stator wind- 
ing, turns formed by winding a wire sheaf of a plurality of 
fine wires bundled together, in an approximate rhombic 
shape, are arranged so as to be sequentially shifted in 
the direction of one diagonal of the rhombic shape, to 
thereby form an approximate rhombic shape coil seg- 
ment comprising a continuous length of the wire sheaf. 
A plurality of coil segments are then sequentially shifted 

FIG. 3 



and overlapped on one diagonal to form a band shape"; 
body, and a hollow cylindrical body is then formed . by- 
rolling the band shape body into a circular shape. The 
winding is characterized in that with each turn, opposite • 
end portions located in the direction of an other diagoe : 
nal orthogonal to the direction of the one diagonal have 
U-shape bent back portions. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a stator 
winding which is suitable for use in a rotating electrical 
machine such as an electric motor or generator, and 
more specifically which is suitable for use in a slotless 
stator of a high speed rotating electrical machine, and to 
a manufacturing method therefor. 
[0002] This application is based on Japanese Pat- 
ent Application No. Hei 11-211395, the contents of 
which are incorporated herein by reference. 

Description of the Related Art 

[0003] Heretofore, there has been proposed a slot- 
less stator where, from the viewpoint of making even the 
magnetic resistance of the main magnetic flux path as 
viewed from the stator side, a slot is not formed. A radial 
gap type slotless construction where cylindrical wind- 
ings are secured to an inner peripheral side of a slotless 
stator which faces a rotor, is widely used. 
[0004] Such a radial gap type slotless construction 
is disclosed in the specification of U.S. Patent No. 
5,313,131. 

[0005] FIG. 13 is a perspective view showing an 
end portion of a slotless stator. A plurality of coil seg- 
ments 103 are secured to an inner peripheral face of a 
stator core 101. These coil segments 103, as shown in 
FIG. 14, bear an approximate quadrilateral shape with 
rounded corners. When 'these coil segments 103 are 
used, this gives a construction, as can be seen from 
FIG. 13, where one side 105 of the quadrilateral shape 
is exposed from the edge portion of the stator core 101. 
[0006] If one side of the coil segment is exposed, 
then the amount of the winding for that part is wasteful ly 
used. This increases the resistance value of the wind- 
ings and produces heat. In the case where this is used 
in a high speed electric motor with the speed reaching 
for example several tens of thousand rpm, such heat 
cannot be disregarded. 

[0007] Furthermore, if the number of turns of the 
coil is increased, then the amount exposed from the sta- 
tor increases accordingly. Moreover, the less the 
number of poles the longer the span length exposed 
from the stator end. Furthermore, in order to cope with 
a high output brings the requirement for arranging con- 
ductors compatible with high currents. In such a case, 
the size of the coil in the axial direction or in the diame- 
tral direction is increased, so that the rotating electrical 
machine itself is enlarged. That is to say, there is the 
problem that when the conductor amount is increased 
to realize the high output, the rotating electrical machine 
is enlarged. 

[0008] In particular, in the case where the stator coil 



is enlarged in the axial direction, then corresponding to 
this the rotor is also enlarged in the axial direction. This 
has a significant influence on the centrifugal strength 
and shaft vibration of the rotor. Consequently, there is a 

5 strong demand for miniaturizing the stator coil as much 
as possible particularly in the axial direction. 
[0009] As another shape for the abovementioned 
approximate quadrilateral shape coil segment, there is 
proposed in Japanese Patent Application, Second Pub- 

10 lication No. Sho 53-44362 a coil having rhombic shape 
turns. 

[0010] FIG. 1 5 shows a band shape coil 1 1 1 formed 
by sequentially aligning rhombic shape turns. FIG. 16 
shows a cylindrical shape coil 113 formed by rolling the 
15 band shape coil 1 1 1 of FIG. 15. With such a cylindrical 
shape coil 1 13, since apexes of the rhombic shapes are 
located at opposite ends of the cylindrical body, the 
amount of windings exposed from the stator can be kept 
to a minimum. 

20 [0011] With the form of FIG. 15 however, the band 
shape coil comprising rhombic shape turns is formed 
from single wires, and is not possible to make this a 
multi-layered cylindrical coil which is a necessity in 
order to obtain a high output. In this case also even if 

25 this is parallel connected, phase matching is difficult, 
and there is the problem that if these are laminated in 
several layers, the coil thickness increases. 
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SUMMARY OF THE INVENTION 



[0012] Accordingly, the present invention takes into 
consideration the above problems with the object of pro- 
viding a slotless stator which addresses the realization 
of high output and also miniaturization. Moreover, it:is 
35 an object to provide a method of manufacturing a stator 
winding which is simple and has good formability. 
[0013] The above objects are achieved by the fol- 
lowing means. 

[001 4] The stator winding of the present invention is 

40 characterized in being a hollow cylindrical body formed 
by: forming turns by winding a wire sheaf of a plurality of 
fine wires composed of conductors bundled together, 
through one turn in an approximate rhombic shape; 
forming approximate rhombic shape coil segments 

45 comprising a continuous length of the wire sheaves by 
winding and arranging a plurality of the turns so as to be 
sequentially shifted continuously in the direction of one 
diagonal of the rhombic shape, forming a band shape 
body using a plurality of the coil segments with these 

so coil segments sequentially shifted in the direction of the 
one diagonal and so as to be adjacent to each other, 
and rolling the band shape body into a cylindrical shape. 
[0015] Since the coil is formed from a wire sheaf 
comprising a plurality of fine wires, then compared to a 

55 coil formed from a single wire, this can be made to cope 
with higher speed rotation. Moreover, with the wire 
sheaf, by pressing this using a press, an increase in the 
thickness of the coil can be avoided, and by twisting 
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together, circulating current losses are reduced. 
[0016] The wire sheaf is characterized in that one 
end portion of opposite end portions of the respective 
turns which are located in the direction of an other diag- 
onal orthogonal to the direction of the one diagonal is s 
wound from an inner peripheral side of the hollow cylin- 
drical body to an outer peripheral side, and an other end 
portion of the opposite end portions of the respective 
turns, is wound from the outer peripheral side to the 
inner peripheral side. w 
[0017] The respective turns are characterized in 
that opposite end portions which are located in the 
direction of an other diagonal orthogonal to the direction 
of the one diagonal, have bent back portions which pro- 
ceed so as to project to an outside of the turn, and then 15 
return back in an approximate U-shape and proceed so 
as to return to an inside. 

[0018] By locating the bent back portions on the 
end portions of the hollow cylindrical body, these bent 
back portion face in the direction of the other diagonal of 20 
the rhombic shape, that is to say in the longitudinal 
(axis) direction of the hollow cylindrical body. As a 
result, the bent back portions can be compactly 
arranged around the circumferential direction of the hol- 
low cylindrical body, so that a plurality of turns can be 25 
closely wound. Consequently, even if the number of 
turns is increased, the bent back portions are laminated 
side by side, and these bent back portions are not 
exposed extending in the radial direction or the axial 
direction. 30 
[0019] When the windings according to the present 
invention are secured to the core of the slotless stator, 
only the bent^back portions of the respective turns are 
exposed from the end of the stator. That is to say, the 
portion exposed from the core is only the bent back por- 35 
tions and is only a little. Hence the winding amount is 
considerably reduced. 

[0020] Preferably the respective turns are arranged 
in a condition touching adjacent turns. In this way, a 
winding wound at a high density can be formed. 40 
[0021] More preferably, of the four sides of the 
approximate rhombic shape coil segments, two sides 
located on one side of the other diagonal are arranged 
on an inner peripheral side of the hollow cylindrical 
body, and the other two sides opposite to the two sides 45 
located on the one side are arranged on an outer 
peripheral side of the hollow cylindrical body. 
[0022] Since two sides of the coil segment are 
arranged on the inner peripheral side of the hollow cylin- 
drical body, and the other two sides are arranged on the so 
outer peripheral side, then on both the inner peripheral 
side and the outer peripheral, the wire sheaves are 
closely arranged. 

[0023] Even more preferably, the two sides of the 
coil segment which are arranged on the inner peripheral 55 
side of the hollow cylindrical body are abutted in the cir- 
cumferential direction against the two sides which are 
arranged on the inner peripheral side of the adjacent 
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coil segment, and the respective coil segments are 
arranged sequentially shifted while being overlapped so 
as to radially overlap the two sides of the adjacent coil 
segments, which are arranged on the outer peripheral 
side. 

[0024] The two sides which are arranged on the 
inner peripheral side of the respective coil segments are 
uniformly arranged in the circumferential direction. Fur- 
thermore, the two sides which are arranged on the outer 
peripheral side of the respective coil segments overlap 
the two sides arranged on the inner peripheral side of 
the adjacent coil segment, in the radial direction of the 
hollow cylindrical body. In so doing, the respective coil 
segments are arranged in an alternately overlapped 
fashion. As a result, the plurality of coil segments are 
closely overlapped in the circumferential direction and 
the diametral direction. 

[0025] More preferably, with the bent back portions 
located on the opposite ends of the respective turns, 
one end side thereof is bent from the inner peripheral 
side of the hollow cylindrical body towards the outer 
peripheral side, and/or the other end side is bent from 
the outer peripheral side towards the inner peripheral 
side. 

[0026] Since the bent back portions are bent from 
the inner peripheral side (outer peripheral side) to the 
outer peripheral side (inner peripheral side), the bent 
back portions can be arranged closely in the circumfer- 
ential direction. As a result, the respective turn sets can 
be arranged sequentially and in close contact in the cin 
cumferential direction. That is to say, even if the number 
of turns of increased, the winding is not enlarged in the < 
axial direction and the diametral direction. 6 
[0027] More preferably, the wire sheaf is twisted at ; 
least one turn in a helical form within a range of one side 
of the respective approximate rhombic shape turns. 
[0028] Twisting in a helical shape gives a construc- 
tion the same as a Litz wire used for example in high fre- 
quency transformers. Hence the electromotive voltage 
difference which is produced in the respective strands in 
the wire sheaf forming the turns can be reduced, and 
the generation of unnecessary losses of for example cir- 
culating currents can be suppressed. 
[0029] More preferably, the wire sheaf has an 
approximately rectangular shape cross-section. 
[0030] When wire sheaves having rectangular 
cross-sections are arranged adjacent to each other, 
these wire sheaves can be arranged in a close contact 
condition, thereby increasing the conductor space factor 
of the coil segment. 

[0031] More preferably, the fine wires have a dis- 
torted circular cross-section with linear portions, and 
adjacent fine wires are contacted at the linear portions. 
[0032] In this way, the conductor space factor is fur- 
ther increased. 

[0033] With the method of manufacturing a stator 
winding according to the present invention, then with a 
method of manufacturing a stator winding used in a 
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rotating electric machine having a slotless stator, which 
incorporates: 

a turn forming step for forming turns by winding a 
wire sheaf of a plurality of fine wires composed of 
conductors bundled together, through one turn in 
an approximate rhombic shape; a coil segment 
forming step for forming coil segments comprising a 
continuous length of the wire sheaf by winding and 
arranging a plurality of the turns so as to be 
sequentially shifted continuously in the direction of 
one diagonal of the rhombic shape; and a hollow 
cylindrical body forming step for forming a band 
shape body using a plurality of the coil segments by 
sequentially shifting and overlapping these coil seg- 
ments so as to be adjacent in the direction of the 
one diagonal, and rolling the band shape body into 
a hollow cylindrical shape, the turn forming step 
includes a step where with the wire sheaf, one end 
portion of Opposite end portions of the respective 
turns which are located in the direction of an other 
diagonal orthogonal to the direction of the one diag- 
onal is wound from an inner peripheral side of the 
hollow cylindrical body to an outer peripheral side, 
and an other end portion of the Opposite end por- 
tions of the respective turns, is wound from the 
outer peripheral side to the inner peripheral side. 

[0034] The turn forming step is characterized in 
incorporating a bent back portion forming step for form- 
ing bent back portions at opposite end portions of the 
respective turns which are located in the direction of the 
other diagonal orthogonal to the direction of the one 
diagonal, which proceeds so as to project to an outside 
of the turn, and then returns back in an approximate U- 
• shape and proceeds so as to return to an inside. 
[0035] Preferably, the turn forming step incorpo- 
rates a press step for pressing the wire sheaf so that 
adjacent fine wires are closely contacted. 
[0036] By pressing, the respective fine wires consti- 
tuting the wire sheaf are deformed to a close contact 
condition. Furthermore, by keeping the respective fine 
wires in a close contact condition in this way, the cross- 
sectional shape of the wire sheaf can be stably main- 
tained. 

[0037] More preferably, prior to the press step there 
is provided a step for twisting the wire sheaf at least one 
turn in a helical form within a range of one side of the 
approximate rhombic shape turn. 
[0038] By carry out pressing after applying a twist, 
the respective fine wires are deformed in a twisted con- 
dition, and hence a more rigid close contact condition is 
obtained. 

[0039] More preferably, the press step incorporates 
a step for forming the wire sheaf so that the wire sheaf 
has an approximately rectangular cross-section. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

FIG. 1 is a sectional view showing a rotating electric 
machine provided with a stator winding according 
to an embodiment of the present invention. 
FIG. 2 is a sectional view on the section line 1 1- 1 1 of 
FIG. 1. 

FIG. 3 is a plan view showing a condition where a 
hollow cylindrical body formed from a plurality of 
coil segments is developed into a plane. 
FIG. 4 is a plan view showing a coil segment. 
FIG. 5 is a perspective view showing a coil seg- 
ment. 

FIG. 6 is an enlarged perspective view showing a 
wire sheaf which forms the coil segment. 
FIG. 7 is a cross-sectional view showing a cross- 
sectional shape of fine wires which make up the 
wire sheaf. 

FIG. 8 is a perspective view showing an arrange- 
ment condition of the coil segments. 
FIG. 9 is a perspective view showing a stator wind- 
ing according to the present invention in the form of 
a hollow cylindrical body. 

FIG. 10 is a perspective view showing a condition 
where the stator winding is inserted into a stator 
core. 

FIG. 1 1 is a perspective view showing a stator core 
with a divided construction. 

FIG.12 is a plan view showing a modified example v: 
of extended portions of turns. 
FIG..:13 is a perspective view showing a slotless 
stator according to conventional technology. > 
FIG/ 14 is a perspective view showing a coil seg- 
ment used in the slotless stator of FIG. 13. 
FIG. 15 is a plan view showing a band shape coil 
having rhombic shape turns according to conven- 
tional technology. 

FIG. 16 is a perspective view showing a cylindrical 
coil formed by rolling the band shape coil of FIG. 
15. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



[0041] Hereunder is a description of embodiments 
of the present invention with reference to the appended 
drawings. 

so [0042] FIG. 1 is a cross-sectional view showing a 
rotating electrical machine provided with a stator wind- 
ing being one embodiment of the present invention. 
[0043] FIG. 2 is a sectional view on the section line 
ll-llof FIG. 1. 

55 [0044] A rotating electrical machine 3 incorporating 
a slotless stator 1 is shown in FIG. 1 . This is suitable for 
use in a high speed rotating electrical machine which is 
used for example at several kW to several tens of kW, 
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and at rotational speeds above several ten thousand 
rpm. 

[0045] With the rotating electrical machine 3, the 
outer shape is formed from a casing 5, and a rotor 7 is 
rotatably arranged via bearings 9 along a central axis of 
the casing 5. 

[0046] With the rotor 7, as shown in FIG. 2, a per- 
manent magnet 1 1 serving as magnetic field generating 
device is incorporated therein. This permanent magnet 
1 1 is constructed so that p (where p is an even number 
of two or more) magnetic poles for generating a mag- 
netic flux in the radial direction, are formed on the outer 
surface of the rotor 7. For the permanent magnet, a rare 
earth magnet such as a Sm-Co, Nd-Fe-B sintered mag- 
net is suitable. 

[0047] The slotless stator 1, as shown in FIG. 1 is 
arranged around the rotor 7, forming a small gap 13. 
The slotless stator 1 is one wherein slots for securing 
windings are not formed. The slotless stator 1 com- 
prises a winding (stator winding, or slotless stator wind- 
ing) 15 positioned on the rotor 7 side, and a stator core 
17 positioned on the casing 5 side. 
[0048] The stator core 17 is in the form of a hollow 
cylindrical shape, and is secured so that the outer 
peripheral face of the stator core 17 is contacted with 
the inner peripheral face of the casing 5. The stator core 
17 is constructed by laminating a large number of ring 
shaped electrical steel plates in the plate thickness 
direction. The stator core 17 has an inner peripheral 
face which is a cylindrical surface not formed with slots. 
Here. the stator core 17 may also be a divided configu- 
ration. For example, as shown in FIG. 1 1 , this may be in 
a two piece form. Of course, this may also be three or 
more pieces. 

[0049] The winding 1 5, as with the stator core 1 7, is 
a hollow cylindrical shape, and is secured by means of 
an insulation layer 1 9 so that the outer peripheral face of 
the winding 15 faces the inner face peripheral face of 
the stator core 1 7. With the winding 1 5, the end portions 
are connected by connection wires via a bus bar 21. 
[0050] Hereunder is a detailed description of the 
winding 15. 

[0051] FIG. 3 shows a condition where the hollow 
cylindrical shape stator winding-1 5 has been developed 
into a plane. This band shape winding 15 developed into 
a plane comprises a plurality of coil segments 23. The 
coil segments 23, in the present embodiment corre- 
spond to a three phase two pole configuration, and 
hence there are 3x2 = 6 segments. That is to say, in the 
case where the rotating electrical machine is an m 
phase p pole configuration, then m x p coil segments 
are used. 

[0052] The coil segments 23 are formed from a wire 
sheaf 27 (refer to FIG. 6) with a plurality of magnet wires 
(fine wires) 25 composed of conductors bundled 
together. The magnet wires 25 are formed with an insu- 
lation layer on the surface, and the strand outer diame- 
ter is preferable less than 1mm. As shown in FIG. 4, the 



coil segments 23 are constructed by arranging a plural- 
ity of single turns 29 formed by winding the wire sheaf 
27 once around an approximate rhombic shape. That is 
to say, the respective turns 29 are wound and arranged 

5 so as to be continuously and sequentially shifted in the 
direction of a diagonal A1 (one diagonal) of a rhombic 
shape extending in the left and right direction in the fig- 
ure. The respective turns 29 are arranged contacting 
with adjacent turns 29 in a close contact condition. 

w [0053] Here instead of the magnet wire 25, a Litz 
wire may be used in order to reduce the skin effect at 
high frequencies. 

[0054] The turns 29 have the following characteris- 
tics for the shape. As is apparent from FIG. 4, Opposite 

15 end portions 35 which are located in the direction of a 
diagonal (other diagonal) A2 which extends in the verti- 
cal direction in the figure, orthogonal to the direction of 
the one diagonal A1 have bent back portions 37. These 
bent back portions 37 are formed proceeding so as to 

20 project on the other diagonal A2 towards the outside of 
the turns 29, and then return back in an approximate U- 
shape and proceed so as to return on the other diagonal 
A2 towards the inside of the turns 29. That is to say, the 
bent back portions 37 in this embodiment are in an 

25 approximately 1 80° bent hair pin shape. 

[0055] Furthermore, with the bent back portions 37, 
as will be apparent from FIG. 5 being a perspective view 
of the coil segment 23, these are bent from the lower 
(upper) side in the figure to the upper (lower) side. That 

30 is to say, as described later, when the coil segments 23 
are rolled to give a hollow cylindrical body, these are 
1 bent from the inner (outer) peripheral side of the hollow, 
cylindrical body - towards the outer (inner) peripheral: 
side;. Moreover, atone end portion of the opposite endc 

35 portions of the respective turns 29 which are located in 
the direction of the other diagonal A2 which is orthogo- 
nal to the direction of the one diagonal A1 , the bent back 
portions 37 are wound from the inner peripheral side of 
the hollow cylindrical body to the outer peripheral side, 

40 and at the other end portion of the opposite end por- 
tions of the respective turns 29, are wound from the 
outer peripheral side to the inner peripheral side. 
[0056] By forming the bent back portions 37 in this 
way, two sides 39 of one set are arranged so as to be on 

45 a lower side with respect to two sides 41 of the other 
set. That is to say, when the coil segment 23 is rolled 
into a hollow cylindrical body, then of the four sides of 
the approximate rhombic shape coil segments 23, the 
two sides 39 located on one side of the other diagonal 

so A2 are arranged at the outer peripheral side of the hol- 
low cylindrical body, and the other two sides 41 facing 
the two sides 39 located on the one side, are arranged 
on the inner peripheral side of the hollow cylindrical 
body. 

55 [0057] The coil segment 23, is formed from a con- 
tinuous wire sheaf 27, by continuously winding a plural- 
ity of turns 29 (refer to FIG. 4 and FIG. 6). Consequently, 
a pair of terminals 31 for electrical connection are pro- 
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vided for each coil segment 23. 

[0058] In FIG. 4 is shown a coil segment where the 
turns 29 are wound as 12.5 turns. However the number 
of windings is not limited to this and may be appropri- 
ately changed in accordance with the intended use. 5 
[0059] As described above, the wire sheaf 27 is 
constructed with a plurality of magnetic wires 25 bun- 
dled together, and as will be apparent from FIG. 6, this 
wire sheaf 27 has a rectangular shape in cross-section. 
Furthermore, the wire sheaf 27 is twisted in helical form. 10 
With this twisting, it is desirable to apply at least one 
twist, that is at least 360°, within the range of one side of 
the rhombic shape turn 29. 

[0060] As shown in FIG. 7, each of the magnet 
wires 25 constituting the wire sheaf 27 is made in a dis- 15 
torted circular cross-section shape. More specifically, 
these are an approximate square shape having linear 
portions 33 and bearing rounded corners. Since the 
magnet wires 25 have this cross-sectional shape, then 
at the respective linear portions 33, the adjacent mag- 20 
net wires 25 are contacted in a close contact condition. 
[0061 ] By using a plurality of coil segments 23 con- 
structed as described above, a band shape body as 
shown in FIG. 3 is formed. This band shape body is then 
rolled into a cylindrical shape as shown in FIG. 9 to give 25 
a hollow cylindrical body 43. 

[0062] Each coil segment 23 is overlapped as fol- 
lows. That is to say, each coil segment 23, as shown in 
FIG. 8 is arranged sequentially shifted while being over- 
lapped in the direction of the one diagonal A1 . More pre- 30 
cisely, two sides 39a of the coil segment 23a arranged 
at the bottom side (left side) in the figure are arranged 
adjacent in the direction of the one diagonal A1 to two 
sides 39b arranged at the bottom side (left side) in the 
figure of the adjacent coil segment 23b. Furthermore, 35 
these are arranged so as to overlap in the vertical direc- 
tion, the two sides 41c located at the upper side in the 
figure, of the adjacent coil segment 23c. By arranging in 
this manner, when the coil segments 23 are formed into 
a hollow cylindrical shape, the two sides 39 of the coil 40 
segments 23, which are arranged on the outer periph- 
eral side are abutted in the circumferential direction 
against the two sides 39 which are arranged on the 
outer peripheral side of the adjacent coil segments 23, 
and are arranged so as to radially overlap the two sides 45 
41 of the adjacent coil segments 23, which are arranged 
on the inner peripheral side. 

[0063] The winding 15 made as the cylindrical hol- 
low body 43 (refer to FIG. 9) comprising the plurality of 
coil segments 23 constructed in the above manner, is so 
inserted inside the stator core 17 as shown in FIG. 10 
and secured. 

[0064] Hereunder is a description of the method of 
manufacturing the winding 1 5. 

[0065] At first, the plurality of magnet wires 25 are 55 
bundled together to form the wire sheaf 27 (refer to FIG. 
6). The wire sheaf 27 is then wound in an approximately 
rhombic shape to form a plurality of turns (refer to FIG. 



4). 

[0066] At this time, the wire sheaf 27 is wound so as 
to form the aforementioned bent back portions 37. 
[0067] Preferably at the time of forming the turns 
29, it is desirable that the wire sheaf 27 is pressed with 
a press so that the adjacent magnet wires 25 are closely 
packed together. Moreover, as shown in FIG. 7, it is 
desirable to form the wire sheaf 27 with a press so as to 
have a rectangular shape in cross-section. 
[0068] More preferably, before pressing, it is desira- 
ble that the wire sheaves 27 are twisted at least once 
within the range of one side of the approximate rhombic 
shape turns 29. 

[0069] Next, a coil segment 23 comprising a contin- 
uous length of the wire sheaf 27 is formed by arranging 
a plurality of the respective turns 29 so as to be sequen- 
tially shifted in the direction of the one diagonal A1 (refer 
to FIG. 4). 

[0070] After this, the hollow cylindrical body 43 
(refer to FIG. 9) is formed by forming the band shape 
body (refer to FIG. 8) using a plurality of the coil seg- 
ments 23 with these coil segments 23 sequentially 
shifted and overlapped in the direction of the one diago- 
nal A1, and then roiling the band shape body into a 
cylindrical shape. 

[0071] In the above manner, the winding 15 is 
formed. 

[0072] With the winding 15 according to this 
embodiment, the: following characteristic effects can be , 
demonstrated."- >v ■■ . . . . - ~ . 
[0073] '■«. The bent back portions 37 are provided in 
the^winding 15, and these bent back portions 37 are J . 
bent in a U-shape-in the longitudinal direction of the hol: *'; 
low cylindrical body 43 to give the hair pin shape, and 
become the end portions of the hollow cylindrical body 
:43. Therefore, compared to the conventional winding 
where the winding which is exposed from the stator core 
extends in the circumferential direction, the amount of 
magnet wire 25 which is used can be considerably 
reduced. Since in this way the overall length of the mag- 
net wires 25 is shortened, the direct current resistance 
of the winding 15 can be reduced, and hence heating of 
the winding 15 due to joule heating can be suppressed. 
[0074] Since the bent back portions 37 are bent 
from the inner (outer) peripheral side of the hollow cylin- 
drical body 43 to the outer (inner) peripheral side, the 
respective turns 29 can be more tightly arranged. That 
is to say, since the bent back portions 37 are bent in the 
radial direction of the hollow cylindrical body 43, these 
bent back portions 37 can be arranged in close contact 
in the circumferential direction. As a result, the respec- 
tive turns 29 also can be closely arranged in the circum- 
ferential direction, and even if the number of turns 
increases, there is no overlapping of the wire sheaves 
27 in the radial or axial directions. Since the wire 
sheaves 27 are not overlapped in the axial direction of 
the hollow cylindrical body 43, then for example even if 
the number of turns is increased, the overall length of 
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the winding 15 and consequently the overall length of 
the rotating electrical machine is not increased. Conse- 
quently, a high output due to increasing the amount of 
conductors can be realized, together with miniaturiza- 
tion of the rotating electrical machine. 5 
[0075] Moreover, by bending from the inner periph- 
eral side to the outer peripheral side, the one set of two 
sides 39 can be arranged on the outer peripheral side, 
and the other set of two sides 41 can be arranged on the 
inner peripheral side. Consequently, the wire sheaves 10 
27 can be arranged evenly and close together on both 
the inner peripheral side and the outer peripheral side of 
the hollow cylindrical body. 

[0076] The construction is such that the two sides 
39 of the one coil segment coil segment 23, on the outer 15 
peripheral side are positioned side by side in the cir- 
cumferential direction relative to the two sides 39 of the 
other coil segment 23, on the outer peripheral side, and 
these are positioned abutting in the radial direction 
against the two sides 41 on the inner peripheral side of 20 
the other coil segment 23. Therefore, the wire sheaves 
can be arranged evenly and close together in the cir- 
cumferential and radial directions. Consequently, a suf- 
ficiently high current density can be maintained, and a 
high output thus achieved. 25 
[0077] Since the cross-sectional shape of the wire 
sheaf 27 is an approximate rectangular shape due to 
pressing, when the plurality of wire sheaves 27 are 
arranged in a line, these can be arranged so as to have 
no gap, rather than with the case where. a. wire, sheaf .30 
with strands of simple circular cross-section are bun- 
died together. That is, the conductor space -factor per v:^ . 
one side of the coil segment 23 can be increased. 1*.-.-, 
[0078] Since the cross-sectional shape of the mag-. y : 
net wires 25 is made a distorted circular shape such : 35 
that adjacent magnet wires 25 are closely contacted at 
the linear portions 33, the conductors can be more 
densely arranged inside the wire sheaf 27 than with the 
construction where magnet wires having a circular 
cross-section is simply bundled together. Hence a 40 
higher current density can be obtained. 
[0079] Since the wire sheaf 27 is made by twisting 
in a helical shape, an effect the same as conductor 
reversal in a Litz wire is obtained. In particular this 
occurs when the rotor 7 of the rotating electrical 45 
machine 3 is rotated at high speed. Hence eddy current 
losses and circulating current losses can be significantly 
reduced. 

[0080] Furthermore, by adopting the construction 
with the helical shape twist, the situation where the wire so 
sheaf 27 becomes loose and out of place, can be 
avoided. 

[0081] In particular, in the case of a manufacturing 
method where, after twisting the wire sheaf 27, this is 
pressed while applying heat to the wire, the magnet 55 
wires 25 are formed in a twisted condition, and hence 
the bonding together of the respective magnet wires 25 
is increased more than by simply pressing. Therefore 



the wire sheaf 27 can be reliably formed. Consequently, 
when later forming the turns 29, the cross-section 
shape of the rectangularly formed wire sheaf 27 can be 
stably maintained without unraveling. Furthermore, 
there is no longer the need as heretofore at the time of 
winding and forming the winding to make this rigid by 
impregnating a resin such as varnish into the magnet 
wires 25 and using self bonding wires. Therefore heat 
dissipation is not impaired by the resin, and a reduction 
in space factor of the conductors occurring as a result of 
the resin penetrating into between the magnet wires 24 
does not result. 

[0082] Here with the abovementioned embodiment, 
the description has been for a construction having an 
extended portion 50 where the bent back portions 37 
proceed along the other diagonal A2 towards the out- 
side of the turns 29 and then return back in an approxi- 
mate U-shape and proceed along the other diagonal A2 
in the direction towards the inside of the turns 29 (refer 
to FIG. 4). However even if this extended portion 50, as 
shown in FIG. 12 is constructed so as to be located on 
an extension in the extension direction of either side of 
the two sides containing the bent back portions 37, of 
the four sides of the approximate rhombic shape turns 
29, the above effect is not impaired. Furthermore, a 
construction having simply a bent back end portion with 
the extended portion 50 omitted is also possible. 
[0083] As described above, with the present inven- 
tion; .since the bent back portions are provided at oppo- 
site ends of the respective turns, the respective turns 
can-be . tightly, wound. As a result, a high current value 
can be realized, and a\ high output from the rotating 
'electrical machine can: be achieved. -^r 
[0084] \ Furthermore- since the bent back portions 
can be arranged sequentially aligned in the circumfer- 
ential direction, a size increase in the axial direction and 
the diametral direction due to an increase in the amount 
of conductors can be avoided. Hence miniaturization of 
the rotating electrical machine can be realized. 
[0085] Since the construction is such that the wire 
sheaf is twisted in a helical shape, eddy current losses 
and circulating current losses produced at the time of 
high speed rotation of the rotating electric machine can 
be considerably reduced. Moreover this can also cope 
with increased speeds. 

[0086] By adopting the method of manufacturing 
the wire sheaf by pressing, the cross-sectional shape of 
the wire sheaf can be stably maintained. Therefore the 
degree of freedom at the time of winding manufacture 
can be considerably increased. 

[0087] To provide a stator winding which copes with 
high output and miniaturization, then with a stator wind- 
ing, turns formed by winding a wire sheaf of a plurality of 
fine wires bundled together, in an approximate rhombic 
shape, are arranged so as to be sequentially shifted in 
the direction of one diagonal of the rhombic shape, to 
thereby form an approximate rhombic shape coil seg- 
ment comprising a continuous length of the wire sheaf A 
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plurality of coil segments are then sequentially shifted 
and overlapped on one diagonal to form a band shape 
body, and a hollow cylindrical body is then formed by 
rolling the band shape body into a circular shape. The 
winding is characterized in that with each turn, opposite 5 
end portions located in the direction of an other diago- 
nal orthogonal to the direction of the one diagonal have 
U-shape bent back portions. 



through claim 4, wherein of the four sides of said 
approximate rhombic shape coil segments, two 
sides located on one side of said other diagonal are 
arranged on an inner peripheral side of said hollow 
cylindrical body, 



and the other two sides opposite to the two 
sides located on said one side are arranged on 
an outer peripheral side of said hollow cylindri- 
10 cat body. 



Claims 



1. A stator winding for use in a rotating electric 
machine having a slotless stator, being a hollow 
cylindrical body formed by: 

15 

forming turns by winding a wire sheaf of a plu- 
rality of fine wires composed of conductors 
bundled together, through one turn in an 
approximate rhombic shape; 

forming approximate rhombic shape coil seg- 20 
ments comprising a continuous length of said 
wire sheaf by winding and arranging a plurality 
of said turns so as to be sequentially shifted 
continuously in the direction of one diagonal of 
said rhombic shape, 25 
forming a band shape body using a plurality of 
said coil segments with these coil segments 
sequentially shifted in the direction of said one 
, .diagonal and so as to be adjacent to each 
i 1 other, and rolling said band shape body into a • 30 
cylindrical shape. - i v.-" 

2. A stator winding according to claim 1, wherein.with . 
said wire sheaf, one end portion of opposite end - 
portions of said respective turns which are located 35. 
in the direction of an other diagonal orthogonal to - 
the direction of said one diagonal is wound from an 
inner peripheral side of said hollow cylindrical body 

to an outer peripheral side, and an other end por- 
tion of said opposite end portions of said respective 40 
turns, is wound from the outer peripheral side to the 
inner peripheral side. 

3. A stator winding according to either one of claim 1 
and claim 2, wherein with said respective turns, 45 
opposite end portions which are located in the 
direction of an other diagonal orthogonal to the 
direction of said one diagonal, have bent back por- 
tions which proceed so as to project towards an 
outside of said turn, and then return back in an 50 
approximate U-shape and proceed so as to return 
towards an inside. 

4. A stator winding according to any one of claim 1 
through claim 3, wherein said respective turns are 55 
arranged in a condition touching adjacent turns. 

5. A stator winding according to any one of claim 1 



6. A stator winding according to claim 5, wherein the 
two sides of the coil segment which are arranged 
on the inner peripheral side are abutted in the cir- 
cumferential direction against said two sides which 
are arranged on the inner peripheral side of the 
adjacent coil segment, 

and the respective coil segments are arranged 
sequentially shifted while being overlapped so 
as to radially overlap said two sides of the adja- 
cent coil segments, which are arranged on the 
outer peripheral side. 

7. A stator winding according to any one of claim 2 
through claim 6, wherein said bent back portions 
are bent from the inner peripheral side of said hol- 
low cylindrical body towards the outer peripheral 
side, orfrom.the outer peripheral side towards the 

. inner peripheral side. • 1 

; 8.- A~ stator winding according to. any one of claim 1: 
. through. claim 7,:wherein said wire sheaf is twistedi: 

at least one turn in a helical form within a range\of 
\ one side ; of the respective approximate rhombic 

shapeturns. 

9. A stator winding according to any one of claim 1 
through claim 8, wherein said wire sheaf has an 
approximately rectangular shape cross-section. 

10. A stator winding according to any one of claim 1 
through claim 9, wherein said fine wires have a dis- 
torted circular cross-section with linear portions, 
and adjacent fine wires are contacted at said linear 
portions. 

11. A method of manufacturing a stator winding 
wherein with a method of manufacturing a stator 
winding used in a rotating electric machine having a 
slotless stator, which incorporates: 

a turn forming step for forming turns by winding 
a wire sheaf of a plurality of fine wires com- 
posed of conductors bundled together, through 
one turn in an approximate rhombic shape; 
a coil segment forming step for forming coil 
segments comprising a continuous length of 
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said wire sheaf by winding and arranging a plu- 
rality of said turns so as to be sequentially 
shifted continuously in the direction of one 
diagonal of said rhombic shape; and 
a hollow cylindrical body forming step for form- s 
ing a band shape body using a plurality of said 
coil segments by overlapping these coil seg- 
ments so as to be sequentially shifted in the 
direction of said one diagonal and adjacent to 
each other, and rolling said band shape body 10 
into a hollow cylindrical shape, 
said turn forming step includes a step where 
with said wire sheaf, one end portion of oppo- 
site end portions of said respective turns which 
are located in the direction of an other diagonal 15 
orthogonal to the direction of said one diagonal 
is wound from an inner peripheral side of said 
hollow cylindrical body to an outer peripheral 
side, and an other end portion of said opposite 
end portions of said respective turns, is wound 20 
from the outer peripheral side to the inner 
peripheral side. 

12. A method of manufacturing a stator winding accord- 
ing to claim 11, wherein said turn forming step 25 
incorporates a bent back portion forming step for 
forming bent back portions at opposite end portions 
of said respective turns which are located in the 
; direction of the other diagonal orthogonal to the 
direction of said one diagonal, which proceeds so 30 
asrto project towards an outside of said turn, and 
:v then returns back in an approximate U-shape and 
: . proceeds so as to return towards an inside. 

13: A method of manufacturing a stator winding accord- 35 
ing to either one of claim 1 1 and claim 12, wherein 
said turn forming step incorporates a press step for 
pressing said wire sheaf so that adjacent fine wires 
are closely contacted. 

40 

14. A method of manufacturing a stator winding accord- 
ing to claim 13, wherein prior to said press step 
there is provided a step for twisting said wire sheaf 
at least one turn in a helical form within a range of 
one side of said approximate rhombic shape turn. 45 

1 5. A method of manufacturing a stator winding accord- 
ing to either one of claim 13 and claim 14, wherein 
said press step incorporates a step for forming said 
wire sheaf so that said wire sheaf has an approxi- so 
mately rectangular cross-section. 
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FIG. 3 
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FIG. 9 
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